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Feasibility Study February 2019

East Waterway Operable Unit SRI/FS XIX 060003-01.101



List of Acronyms and Abbreviations

L liter
LDW Lower Duwamish Waterway
LOAEL lowest-observed-adverse-effect level
LOEC lowest observed effect concentration
LPAH low-molecular-weight polycyclic aromatic hydrocarbon
M Moment Magnitude Scale
MDL method detection limit
mg/kg milligram per kilogram
MHHW mean higher high water
MIS multi-increment sampling
M]J megajoule
MLLW mean lower low water
MNR monitored natural recovery
MTCA Model Toxics Control Act
MUDS Multi-User Disposal Site program
NCDF nearshore confined disposal facility
NCP National Contingency Plan
ng nanogram
ng/L nanogram per liter
NOAA National Oceanic and Atmospheric Administration
NOAEL no-observed-adverse-effect level
NO« nitrogen oxides
NPDES National Pollutant Discharge Elimination System
NPV net present value
NRC National Research Council
NSR net sedimentation rate
NTCRA non-time critical removal action
o&M operations and maintenance
oC organic carbon
OosSv Ocean Survey Vessel
ou Operable Unit
Pa Pascals
PAH polycyclic aromatic hydrocarbon
Pb-210 lead-210
PCB polychlorinated biphenyl
pcf pounds per cubic foot
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1 INTRODUCTION

This document presents the Feasibility Study (FS) evaluation for the East Waterway (EW)
Operable Unit (OU) of the Harbor Island Superfund site. This FS is the companion document
to the Supplemental Remedial Investigation (SRI; Windward and Anchor QEA 2014). The
EW is located in Seattle, Washington, and extends along the east side of Harbor Island
(Figure 1-1). The EW is one of eight OUs or Study Areas of the Harbor Island Superfund site
(Figure 1-1), which was added to the U.S. Environmental Protection Agency’s (EPA’s)
National Priorities List in September 1983 under the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), also known as Superfund. Under the
oversight of EPA, this FS is being conducted by the East Waterway Group (EWG), which
consists of the Port of Seattle (Port), the City of Seattle (City), and King County (County).
The Port entered into the Administrative Settlement Agreement and Order on Consent
(ASAQC) for the SRI/FS with EPA in October 2006 (EPA 2006), and subsequently entered
into a Memorandum of Agreement with the City and County to jointly conduct the SRI/FS.
For purposes of the SRI/FS, the EWG will be referenced as the entity implementing the
SRI/FS under EPA oversight, rather than the Port.

The SRI/FS is being conducted in a manner that is consistent with the Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1988) and other applicable
guidance. Where appropriate, the methods used in the EW SRI/FS were consistent with those
used in the Lower Duwamish Waterway (LDW) RI/FS because the sites are immediately
adjacent. The physical and site use differences between the LDW and the EW are summarized
in the Final Remedial Alternative and Disposal Site Screening Memorandum (Screening Memo;
Anchor QEA 2012a). The SRI/FS will ultimately lead to an EPA Record of Decision (ROD)

selecting cleanup actions to address risks to human health and the environment in the EW OU.

As stated in the ASAOC (EPA 2006) and SRI/FS Workplan (Workplan; Anchor and
Windward 2007), the purpose of the FS is to develop and evaluate a number of alternative
methods for achieving the remedial action objectives (RAOs) and preliminary remediation
goals (PRGs) at a contaminated site. This process lays the groundwork for proposing a
selected remedy that eliminates, reduces, or controls risks to human health and the

environment in compliance with CERCLA requirements.
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This FS, as approved by EPA, is consistent with CERCLA, as amended (42 United States Code
[U.S.C.] 9601 et seq.), and the National Oil and Hazardous Substances Pollution Contingency
Plan (40 Code of Federal Regulations [CFR] Part 300), commonly referred to as the National
Contingency Plan (NCP). Many guidance documents were considered in developing this FS,

including the following:

e Guidance for Conducting Remedial Investigations and Feasibility Studies under
CERCLA (EPA 1988)

o (larification of the Role of Applicable or Relevant and Appropriate Requirements in
Establishing Preliminary Remediation Goals under CERCLA (EPA 1997a)

o Rules of Thumb for Superfund Remedy Selection (EPA 1997b)

e Principles for Managing Contaminated Sediment Risks at Hazardous Waste Sites (EPA
2002a)

o (Contaminated Sediment Remediation Guidance for Hazardous Waste Sites (EPA 2005)

o A Guide to Developing and Documenting Cost Estimates during the Feasibility Study
(EPA 2000a)

1.1 East Waterway Operable Unit Study Boundary

The EW OU study boundary was established by EPA as shown on Figure 1-1. The southern
EW OU study boundary is also the northern study area boundary of the LDW Superfund
site. The northern EW OU study boundary extends along the western pierhead line to the
north until water depths reach -60 feet mean lower low water (MLLW). The study boundary
follows the approximate upper edge of this naturally occurring slope at about -60 feet
MLLW, then turns to perpendicularly intersect the bulkhead along Terminal 46 (T-46) along
the eastern shoreline. The east and west boundaries of the EW OU are defined as areas below
mean higher high water MHHW:; e.g., below 11.4 feet MLLW), and referred to in this FS as
the EW OU or site.

1.2  Purpose of the Feasibility Study

The purpose of this FS is to develop and evaluate EW-wide remedial alternatives to address
the risks posed by contaminants of concern (COCs) within the EW OU. This FS is based on
the results of the SRI (Windward and Anchor QEA 2014), which included the baseline
ecological risk assessment (ERA; [Windward 2012a]) and baseline human health risk
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assessment (HHRA; [Windward 2012b]), as Appendices A and B, respectively. This FS also
builds on the evaluation of remedial technologies, disposal options, and remedial alternatives

that were evaluated in the Screening Memo (Anchor QEA 2012a).

The SRI assembled data to identify the nature and extent of contamination in the EW,
evaluated sediment transport processes, assessed current conditions within the EW,
including risks to human and ecological receptors that use the EW, and identified potential
sources and pathways of contamination to EW (see Sections 2 and 3). The FS uses the results
of the SRI and the baseline risk assessments to identify RAOs, develop PRGs, and develop
and evaluate EW-wide remedial alternatives (see Sections 4 through 10). The FS lays the
groundwork for selecting a cleanup alternative that addresses risks to both human health and

the environment in compliance with CERCLA requirements.

The Screening Memo (Anchor QEA 2012a) identified and screened sediment remedial
technologies (e.g., dredging, capping, etc.) that may be applicable to the EW OU. It also
screened potential disposal technologies for contaminated sediment, and included
preliminary remedial alternatives to narrow the range of alternatives to be considered for
detailed analysis in this FS. The purpose of the Screening Memo was to efficiently eliminate
remedial technologies, disposal options, and alternatives that are not practicable so the FS
can focus on viable remedial alternatives. This approach is consistent with EPA RI/FS

guidance (EPA 1988) and contaminated sediment remediation guidance (EPA 2005).

1.3 The Feasibility Study Process
The FS process includes several steps outlined in CERCLA guidance (EPA 1988), as well as

additional considerations outlined in Contaminated Sediment Remediation Guidance for
Hazardous Waste Sites (EPA 2005). Consistent with the LDW FS (AECOM 2012), these

general steps and considerations include the following:

e Summarizing and synthesizing the results of the SRI, including the physical
conceptual site model (CSM), baseline ERA and HHRA, and related documents for
the EW (Sections 2 and 3)

o Establishing applicable or relevant and appropriate requirements (ARARs), RAOs,
and associated PRGs (Section 4)
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o Use of sediment risk-based threshold concentrations and background concentrations
for risk driver COCs in the development of PRGs (Section 4)

e Estimating areas of sediment with risk driver COC concentrations above remedial
action levels (RALs)! that are appropriate for the application of sediment remedial
approaches? (Section 6)

e Evaluation of remedial and disposal technologies, as first described in the Screening
Memo (Anchor QEA 2012a) (Section 7)

e Evaluation of general response actions, remedial technology types, and specific
process options best suited to site conditions (Section 7)

o Assembling the technology types and process options into site-wide remedial
alternatives, and then completing the estimate of areas, volumes, and costs for the
alternatives (Section 8)

e Completing a detailed evaluation and comparative analysis of retained remedial

alternatives (Sections 9 and 10)

Under CERCLA, the FS presents, evaluates, and compares the remedial alternatives for a site.
Input from stakeholders (including the Muckleshoot and Suquamish Tribes and the State)
will be considered by EPA during development of the final FS. After approval of the FS, EPA
proposes a final cleanup remedy in a document called the Proposed Plan; this plan is then
provided to the public and stakeholders for comment. After public and stakeholder
comments on the Proposed Plan are evaluated, EPA selects the final remedy in a ROD,

including the final RAOs and cleanup levels based on the nine remedy selection criteria
specified in the NCP (40 CFR 300.430(e)(9)(iii)).

1.4 Definitions for the Feasibility Study

Definitions of regulatory terms, contaminant concentrations, various spatial areas, and time
frames used in the FS are provided below. Some of these terms have site-specific definitions,

but most are drawn directly from CERCLA regulations or guidance documents. In the case of

! The RALs are developed in Section 6 to define areas that undergo remediation to achieve RAOs. RALs may or
may not be set at the PRGs, depending on the risk pathway being addressed..
2 The water column cannot practicably be directly remediated, but improvements in surface water quality are

expected following sediment cleanup and source control measures.
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new definitions, similar terms are referenced when applicable. These definitions are
consistent with those used in the LDW FS (AECOM 2012).

1.4.1 Regulatory Terms

Background; CERCLA uses the terms anthropogenic (man-made) background and natural
background (EPA 1997b), and EPA’s sediment remediation guidance (EPA 2005) states that
cleanup levels will normally not be set below natural or anthropogenic background
concentrations. Washington State Sediment Management Standards (SMS; Washington
Administrative Code [WAC] 173-204; Ecology 2013) use the terms regional background and

natural background.

Cleanup level under CERCLA means the concentration of a hazardous substance in an
environmental medium that is determined to be protective of human health and the
environment under specified exposure conditions. Cleanup levels are proposed in the FS but

are not finalized until the ROD.

Contaminants of concern (COCs) represent a defined set of hazardous substances that were
quantitatively evaluated in the baseline risk assessments and were found to exceed risk

thresholds (see Section 3 for more details).

Natural background, as defined in the SMS, represents the concentrations of hazardous
substances that are consistently present in an environment that has not been influenced by
localized human activities. This definition includes both substances such as metals that are
found naturally in bedrock, soils, and sediments, as well as persistent organic compounds
such as polychlorinated biphenyls (PCBs) that can be found in soil and sediments throughout
the state as a result of global distribution of these contaminants. Whenever the term natural
background is used in this FS, it means as defined in the SMS (WAC 173-204-505).

Point of compliance is defined as the point or points where cleanup levels shall be achieved.

Practical quantitation limit (PQL) is defined as the “lowest concentration that can be reliably

measured within specified limits of precision, accuracy, representativeness, completeness,
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and comparability during routine laboratory operating conditions, using department approved
methods.” The NCP (40 CFR 300.430(e)(2)(i)(A)(3)) allows that cleanup levels can be modified
based on “factors related to technical limitations such as detection/quantitation limits for

contaminants.” The term PQL is synonymous with quantitation limit and reporting limit.

Preliminary remediation goals (PRGs) are specific desired contaminant endpoint
concentrations or risk levels for each exposure pathway that are believed to provide adequate
protection of human health and the environment based on available site information (EPA
1997b). For the FS, PRGs are expressed as sediment concentrations for the contaminants that
present the principal risks (i.e., the risk drivers). PRGs are based on consideration of the

following factors:

e ARARs

e Risk-based threshold concentrations (RBTCs) developed in the SRI

e Background concentrations are used to develop PRGs if protective RBTCs are below
background concentrations

e Analytical PQLs if protective RBTCs are below concentrations that can be quantified

by chemical analysis

PRGs are presented in the FS as preliminary cleanup levels that are used in the FS to guide
evaluation of proposed sediment remedial alternatives, but they are not the final CERCLA

cleanup levels. EPA will ultimately define those levels in the ROD.

Regional background is a term defined in the SMS as the concentration of a contaminant
within a Washington State Department of Ecology (Ecology)-defined geographic area that is
primarily attributable to diffuse sources, such as atmospheric deposition or stormwater, not
attributable to a specific source or release (WAC 173-204-505(16)).

Remedial action objectives (RAOs) describe what the proposed remedial action is expected to
accomplish (EPA 1999a). They are narrative statements of specific goals for protecting
human health and the environment. RAOs are used to help focus development and
evaluation of remedial alternatives. RAOs are derived from the baseline risk assessments and
are based on the exposure pathways, receptors, and the identified COCs. Narrative RAOs
form the basis for establishing PRGs (defined above).
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Remedial action levels (RALs) are contaminant-specific sediment concentrations that trigger
the need for remediation (e.g., dredging, capping, enhanced natural recovery [ENR], or
monitored natural recovery [MNR]). Remediation levels or RALs are not the same as cleanup
levels or PRGs. Remediation levels may be used at sites where a combination of cleanup
actions is used to achieve cleanup levels at the point of compliance. Remediation levels, by

definition, exceed cleanup levels.

Remediation Area is the area with sediment concentrations above any of the RALs that is or

could be exposed to human or ecological receptors.

Risk driver hazardous substances (risk driver COCs) are used in the FS to indicate the subset
of COCs identified in the baseline risk assessments that present the principal risks. Risk
drivers are a subset of hazardous substances present at a site selected for monitoring and

analysis or for establishing cleanup requirements.

Other COCs not designated as risk drivers will be discussed in the FS by estimating the
potential for risk reduction following remedial actions. In addition, COCs may be assessed as
part of the 5-year review that is conducted every 5 years once a CERCLA cleanup is
completed that leaves hazardous substances on site above cleanup levels, and they may be

included in the post-cleanup monitoring program.

Washington State Sediment Management Standards (SMS) include the Washington State
requirements for sediment cleanup sites and are an ARAR for the EW OU of the Harbor
Island Superfund site.

Total excess cancer risk is defined as the additional probability (i.e., the additional probability
above the lifetime cancer risk?®) of an individual developing cancer over their lifetime based
on exposure to site-specific contaminants. In the final EW baseline HHRA (Windward
2012b) and this FS, total excess cancer risk is defined as the sum of all cancer risks for

multiple contaminants and pathways for an exposure scenario. For example, total excess

3 The lifetime risk of developing cancer in the United States is 1 in 2 for men and 1 in 3 for women (American
Cancer Society 2006).
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cancer risks for the clamming scenario include cancer risks associated with the dermal

exposure pathway for exposure to sediment and the incidental sediment ingestion pathway.

1.4.2 Sediment Concentrations

Sediment concentrations are expressed and evaluated in the FS in two ways: 1) as individual
point concentrations; or 2) as spatially-weighted average concentrations (SWACs). RBTCs
were developed in the SRI and are also expressed as either point concentrations or SWACs
(all defined below).

Point concentrations are contaminant concentrations in sediments at a given sampling
location, where each value is given equal weight. Point concentrations are typically applied
to small exposure areas (e.g., for benthic organisms with small home ranges). Point
concentrations are sometimes mapped in the FS as Thiessen polygons, with each Thiessen
polygon defined as an area of influence around its sample point, so that any location inside
the polygon is closer to that point than any of the other sample points. Point concentrations
are compared to either dry weight-based concentration thresholds, or to organic carbon

(OC)-normalized concentration thresholds, depending on the contaminant.

Risk-based threshold concentrations (RBTCs) are the calculated sediment and tissue
concentrations estimated to be protective of a particular receptor for a given exposure
pathway and target risk level. RBTCs are based on the baseline risk assessments and were
derived in the SRI. Tissue RBTCs are used to derive sediment RBTCs that are predicted to
reduce tissue concentrations to protective levels for human health seafood consumption
based risks or fish and wildlife-based risks. Sediment RBTCs are used along with other site
information to set PRGs (defined above) in the FS.

Spatially-weighted average concentrations (SWAGCs) are similar to a simple arithmetic average
of point concentrations over a defined area, except that each individual concentration value
is weighted in proportion to the sediment area it represents. SWACs are widely used in
sediment management because they are more accurate at calculating area-wide average
concentrations than arithmetic-based averages where data points are not evenly distributed.

The selected area over which a SWAC would be applied may be adjusted for a specific
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receptor or activity. For example, EW-wide SWACs may be appropriate for estimating
human health risks associated with consumption of resident seafood, but not for direct
contact risks from the collection of clams (which are harvested only in certain areas). In this
manner, site-wide or area-wide SWACs are intended to provide meaningful estimates of

exposure point concentrations for human or ecological receptors.

SWAC calculations have been used at several large Superfund sediment sites to evaluate risks
and cleanup levels (e.g., LDW, Fox River, Hudson River, Housatonic River, and Willamette
River). For example, the Lower Fox River ROD selected a total PCB remedial action level of
1 milligram per kilogram (mg/kg) dry weight (dw) in sediment to achieve a site-wide SWAC
of 250 micrograms per kilogram (pg/kg) dw over time.

95% upper confidence limit on the mean (UCL95) is a statistically derived quantity associated
with a representative sample from a population (e.g., sediment or tissue chemistry results
from a waterbody) such that 95% of the time, the true average of the population from which
the sample was taken will be less than the quantity statistically derived from the sample
dataset (e.g., 95% of the time, the true average sediment contaminant concentration for the
waterbody will be less than the UCL95 based on sediment chemistry sample results). The

UCL95 is used to account for uncertainty in contaminant concentrations and to ensure that

contaminant concentrations are not underestimated.

1.4.3 Terms Related to Time Frames

The remedial alternatives refer to different time frames when describing different aspects of
the remedy, such as the number of years to design or implement a remedy, or the number of

years to achieve the RAOs. For clarity, the terms related to time frames used in the FS are
defined below.
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Construction period refers to the time assumed necessary to construct the remedial
alternatives. For the EW, this period is assumed to begin 5 years following issuance of the
ROD to allow sufficient time for priority source control actions; negotiation of orders or
consent decrees; initial remedial design and planning, including remedial design sampling
and analysis; baseline monitoring; and permitting and obtainment of authorizations.
Monitored natural recovery (MNR) period is the time during which the MNR-specific level of
monitoring is needed in MNR areas. Monitoring conducted during the MNR period will
assess whether sufficient progress is being made toward achieving cleanup objectives, or,
alternatively, whether contingency actions (which may include modifying technologies or

methods of applications) are warranted to meet the project goals (e.g., the SMS).

Natural recovery is a term used in this FS to describe the time after remediation during
which natural recovery processes are expected to continue reducing surface sediment
concentrations toward natural background-based PRGs. Natural recovery is tracked by site-
wide monitoring; however, unlike MNR, natural recovery does not include location-specific

monitoring or contingency actions.

1.5 Document Organization

The remainder of this document is organized as follows:

e Section 2 (Environmental Setting, SRI Summary, and Current Conditions) builds on
the key findings of the SRI and focuses on the site characteristics that affect the
selection of remedial technologies and assembly of alternatives. The FS dataset, which
is the same dataset included in the SRI, is summarized in this section.

e Section 3 (Risk Assessment Summary) summarizes the results of the baseline ERA
(Windward 2012a) and HHRA (Windward 2012b) and the RBTCs for risk drivers,
which were derived in the SRI

e Section 4 (Remedial Action Objectives and Preliminary Remediation Goals) presents
the recommended RAOs, ARARs, and identifies PRGs for the FS.

e Section 5 (Predictive Evaluation Methodology for Site Performance Over Time)
presents the framework and analysis of sediment movement in the EW and describes

the methods for predicting changes in sediment chemistry.

Feasibility Study February 2019
East Waterway Operable Unit SRI/FS 1-10 060003-01.101



Introduction

Section 6 (Remedial Action Levels) presents the RALs and corresponding COC
footprints.

Section 7 (Identification and Screening of Remedial Technologies) screens a broad
array of remedial approaches and identifies representative technologies that may be
applied to the site.

Section 8 (Development of Remedial Alternatives) describes EW-wide remedial
alternatives designed to achieve the RAOs.

Section 9 (Detailed Analysis of Alternatives) screens the remedial alternatives
individually using CERCLA guidance. The risk reduction achieved by each remedy is
also discussed.

Section 10 (CERCLA Comparative Analysis) compares the remedial alternatives on
the basis of CERCLA evaluation criteria.

Section 11 (Conclusions) summarizes the key findings of the FS and presents a general
remedial approach for cleaning up the EW.

Section 12 (References) provides publication details for the references cited

throughout the text.

Tables appear within the text after first mention, and figures appear at the end of each

section. Details that support various analyses in the FS are presented in the appendices, as

follows:

Appendix A: Supplemental Information for Selection of PRGs
Appendix B: Sediment Modeling Memoranda

Appendix C: Remediation Area Evaluation

Appendix D: Cap Modeling

Appendix E: Cost Estimate

Appendix F: Volume Calculations

Appendix G: Monitoring Program

Appendix H: Remaining Subsurface Contamination

Appendix I: Short-term Effectiveness Metrics

Appendix J: Detailed Calculations and Sensitivity Analyses for Predictive Evaluation
of Site Performance Over Time and Recontamination Potential
Appendix K: Direct Atmospheric Deposition Evaluation

Appendix L: Alternatives Screening
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2 ENVIRONMENTAL SETTING, SRI SUMMARY, AND CURRENT CONDITIONS

This section summarizes the EW environmental setting, history, and key findings of the SRI
relevant to the FS. Additional details beyond those summarized in this section are presented
in the SRI (Windward and Anchor QEA 2014).

2.1 Environmental Setting

The EW is located approximately 1 mile southwest of downtown Seattle, in King County,
Washington (Figure 1-1). It is part of the greater Green/Duwamish River estuary, which
includes the freshwater/saltwater interface extending as far as 10 miles upstream, through
the LDW, from the mouth of the EW at Elliott Bay. The EW is primarily used for shipping
and as a cargo transport terminus. Detailed descriptions of EW land and waterway use are

provided in Section 2.9.

The Green/Duwamish River drains approximately 362,000 acres of the Green/Duwamish
watershed, flowing northward to its terminus in Puget Sound at Elliott Bay. The last 6 miles
of the river were straightened and channelized into a commercial waterway for ship traffic,
and is designated the LDW for approximately 5 miles, starting at the southern terminus of
Harbor Island. After this point, the LDW splits into the EW and the West Waterway (WW),
surrounding Harbor Island. The EW and WW extend from the southern end of Harbor
Island to the island’s northern end at Elliott Bay. The EW runs along the eastern shore of
Harbor Island.

The EW OU of the Harbor Island Superfund site is located immediately downstream from,
and adjacent to, the LDW Superfund site. The northern and southern study area boundaries
for the EW OU are shown in Figure 1-1. The east and west boundaries of the EW OU are
defined by MHHW, which is equivalent to 11.4 feet MLLW.

The EW OU is approximately 8,250 feet long and for most of its length is 750 feet wide. It is
channelized and has a south-to-north orientation. The Port uses a measurement system along
the length of the Terminal 18 (T-18) berth face, comprised of “stationing” or “station
markers.” The system is measured in feet from the northern end of Harbor Island (Station 0)

to near the southern end of the EW (Station 7700) and is used by the Port to define the
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extents of the berths. The station markers are shown on Figure 2-1 and referenced

throughout this FS.

Two slips are present along the eastern side of the EW. Slip 36 is oriented in an east/west
direction and located from approximately Stations -100 to 200. Slip 27 is oriented in a
northwest/southeast direction and located from approximately Stations 3800 to 4600. A
shallow area off the northwest corner of Terminal 25 (T-25) and adjacent to Slip 27 is
referred to as the “Mound Area” (Figure 2-1).

For the purposes of the SRI/FS, the following three reaches have been identified in the EW
(Figure 2-1):

¢ Junction Reach (Stations 7200 to 7650), which is the southern portion of the OU that
adjoins the LDW

o Sill Reach (Stations 6800 to 7200), which is a relatively shallow section of the OU just
north of the Junction Reach

e Main Body Reach (Stations 0 to 6800), which is north of the Sill Reach and comprises
most of the EW OU

The Main Body Reach has been further subdivided into the following two sections
(Figure 2-1):

e Deep Main Body Reach (Stations 0 to 4950), with an authorized depth of -51 feet
MLLW

e Shallow Main Body Reach (Stations 4950 to 6800), which is located south of historical
maintenance dredging activities and is generally shallower with an authorized depth
of -34 feet MLLW

The Junction and Sill reaches are frequently discussed in combination in this report and are
sometimes referred to as the Junction/Sill Reach. Recent EW dredge history is discussed in
Section 2.14.3.
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2.2 Site History and Current Configuration

Industrial development of the EW began immediately following the channelization of the
Duwamish River and filling of surrounding Elliott Bay tidelands. Prior to filling, the Elliott
Bay tidelands extended east of the site to the current location of Interstate 5 (I-5). Figure 2-2
depicts the approximate extent of the tidelands adjacent to the EW and tidelands associated
with the historical meanders of the lower Duwamish River. Dredging of the Elliott Bay
tidelands from 1903 to 1905 created the EW, which provided some of the fill materials for
construction of the upland areas to the west (Harbor Island) and east (EPA 1993). By 1909,
Harbor Island and the land east of the EW was created using dredge fill removed from the
Duwamish River or sluiced from Seattle regrade projects (EPA 1993).

The construction of Harbor Island allowed further development of the EW. The EW was
initially dredged to a minimum navigable depth of -30 to -40 feet MLLW and widened to

750 feet. Slip 27 was created along the eastern shore and dredged to a depth of -28 feet
MLLW. By 1919, the EW, WW, and LDW were authorized as federal navigation channels by
Congress (March 2, 1919). The EW was maintained at -40 feet MLLW along most of the
750-foot-wide portion in the mid-1920s. Slip 36 was constructed in 1927 and originally
dredged to -35 feet MLLW.

The federal navigation channel information is based on information in the Water Resources
Development Act, as summarized in the Port of Seattle Series No. 36 (USACE 2002). The
federal navigation channel in the EW currently extends from beyond the north EW study
boundary to the Spokane Street Bridge, which is approximately Station 6840 (Figure 2-1).
The federal navigation channel is 450 feet wide from Stations 0 to 4950. It is 700 feet wide
from Stations 4950 to 6140 and 400 feet wide from Station 6140 to the Spokane Street Bridge
(Station 6840). The full federal navigation channel width is authorized to -51 feet MLLW
from Stations 0 to 2970 (450 feet wide). It is also authorized to -51 feet MLLW along the
western 250 feet from Stations 2970 to 3250 and the western 170 feet from Stations 3250 to
3590. The federal navigation channel is authorized to -34 feet MLLW south of Station 2970.
This -34-foot-wide section is 200 feet wide from Stations 2970 to 3250, 280 feet wide from
Stations 3250 to 3590, and 450 feet wide from Stations 3590 to 4950. South of Station 4950, it
is authorized at -34 feet MLLW to the Spokane Street Bridge.
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2.3 Bathymetry

The most recent bathymetric survey within the EW was completed in January 2010 and is
presented in Figures 2-3a and 2-3b. Cross-sections demonstrating representative portions of
each reach and slip are presented on Figures 2-4a through 2-4d. Current bathymetry within
the federal navigation channel shows that the authorized elevation of -51 feet MLLW is met
(or deeper) from Station O (i.e., mouth of the EW) to Station 4950 (i.e., 4,950 feet upstream of
the mouth of the EW), with the exception of the “Mound Area.” Some areas within the
northern portion of the federal channel reach -60 feet MLLW. Bathymetry in areas north of
the northern EW OU study boundary (i.e., within Elliott Bay) quickly become much deeper
than -60 feet MLLW, reaching elevations deeper than -200 feet MLLW. Along T-18,
elevations south of Station 4950 generally decrease to -37 feet MLLW or shallower. Along T-
25 (Stations 4600 to 6150), elevations in the berth area are approximately -50 feet MLLW.

Mudline elevations rise to between -13 and -6 feet MLLW in the Sill Reach, in the vicinity of
Spokane Street and the West Seattle Bridge (DEA 2010), and then drop to -25 feet MLLW
through the Junction Reach. Sediments comprising the Sill Reach under and between the
bridges within the Spokane Street corridor have never been dredged following original
construction, based on historical records from the U.S. Army Corps of Engineers (USACE).
The shallow water depths in this area form a physical constriction across the entry to the EW

that can affect flow from the Duwamish River primarily during higher flow events.

Current Port operational berthing elevation requirements vary based on location in the EW.
Along T-18 between Stations 0 and 4950, the berthing elevation requirement is -51 feet
MLLW. Along T-25 and Terminal 30 (T-30), berthing elevation requirements are -50 feet
MLLW. The Port’s requirement for berthing in Slip 27 is generally -40 feet MLLW. In

Slip 36, U.S. Coast Guard (USCG) berthing requirements are generally -40 feet MLLW.
Dredging activities conducted since 2000 to maintain required navigation and berthing

elevations are described in Section 2.14.3.

2.4 Aquatic Ownership

The main body of aquatic land in the EW is owned by the State of Washington and managed
by the Washington State Department of Natural Resources (DNR) between the pierhead
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lines (Figure 2-5). Land located within the pierhead line is state-owned but managed by the
Port through a Port Management Agreement (PMA). This area includes all aprons that
extend approximately 100 feet from the Port’s upland parcel boundary.

Portions of the aquatic area within the EW are not state-owned. South of the Spokane Street
corridor, the Port owns the entire width of the EW. The Port also owns all of Slip 27,
including the vacated portion of the South Forest Street right-of-way (ROW) and Pier 27
(south side of Slip 27). A portion of aquatic area along Pier 24 that formerly contained timber
decking is also owned by the Port. All of Slip 36 is owned by USCG.

2.5 Hydrodynamics

The EW is primarily saltwater, but receives freshwater flows from the Green/Duwamish
River watershed. Hydrodynamic circulation in the EW is controlled by tidal exchange with
Elliott Bay to the north and freshwater inflow from the Green River (through the LDW)
from the south. The EW can be generally described as two-layer flow, with a wedge of
saltwater extending from Elliott Bay upstream through the EW and into the LDW

underneath a layer of fresher water flowing from the Green River.

The EW also receives freshwater discharges from 39 outfalls (Figure 2-1). The discharges are
intermittent, and the relative contribution of freshwater flows from the outfalls is small in
comparison with flows from the Green/Duwamish River. A complete summary of the
hydrodynamic modeling conducted in the EW is included in the Sediment Transport
Evaluation Report (STER; Anchor QFA and Coast & Harbor Engineering 2012) and
summarized in the SRI (Windward and Anchor QEA 2014). The evaluation of solids loading

from the various water sources is presented in Section 5.

The EW is subject to tidal forcing from Elliott Bay, which is characterized by mixed semi-
diurnal tides (two high and two low tides per day that are not equal in height). The average
tidal range (MLLW to MHHW) measured at the Seattle waterfront is 11.4 feet. The highest
and lowest expected tidal heights are +13 and -3.5 feet MLLW, respectively (National
Oceanic and Atmospheric Administration [NOAA] Station ID 9447130).
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2.6 Sediment Characteristics and Stratigraphy

A summary of surface and subsurface existing grain size, total solids, and total organic carbon
(TOC) data is presented in the SRI (Windward and Anchor QEA 2014). These data indicate
that most sediment samples consisted primarily of clay and silty sand, with an average of
approximately 40% sand and 50% fines* (total silt and clay). More fines are present in
sediments in the central and northern portions of the EW than in the vicinity of the Spokane
Street corridor (Figure 2-6), due to shallower water and higher tidal velocities in the Spokane
Street corridor. Total solids content is generally between 40% and 60% in surface and
subsurface sediment. Surface sediments contain less than 2% TOC over nearly all of the EW,
with a mean of 1.6% and small areas with TOC above 2%, including Slip 27 (Figure 2-7).
Generally, TOC values in the subsurface layers remain similar to surface sediments
throughout the upper 5 feet, but drops to a mean 0.7% in sediment deeper than 5 feet below

mudline.

Not all areas of the site below MHHW contain sediment, as shown on Figures 2-6 and 2-7.
Underpier areas are armored with riprap and generally contain sediment only in the lower
portions of the slope. The extent of sediment has been mapped using jet probe transects®
conducted in 1997 and 1998 along T-18, and in 2000 along T-25 and T-30. The extent of
sediment in underpier areas in Slips 27 and 36 were estimated by comparing current

bathymetry to design or as-built drawings for the armored underpier slopes.

2.6.1 Grain Size Composition
2.6.1.1 Surface Sediment

Surface sediment (i.e., the top 10 centimeters [cm]) primarily consists of silty sands and
sandy silts. Measured sand fractions range from 8% to 95% with a mean concentration of
50%; fines (silt and clay) fractions range from 1% to 92% with a mean concentration of 40%.

The majority of the samples (93%) contain various amounts of gravel ranging from 0.01% to

4 Site-wide, the standard deviation for fines is 23%.

> Jet probing is conducted by a diver using probe with a jet of water. The jet of water allows the probe to
penetrate deeper into the sediment by loosening compacted sediment below the mudline. The jet probe
transects provide elevations and locations of exposed (i.e., not buried by sediment) riprap along the slope and

the lower extent of buried rock along the slope under the pier.
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68%, with a mean concentration of 8%. Spatially, the Deep Main Body Reach contains lower
portions of fines (less than 60% fines) with the exception of a few areas between Stations
2000 to 3400 with higher percent fines (greater than 60% fines). Higher fines percentages
tended to occur within the Shallow Main Body Reach, at the eastern end of Slip 36, and the
northern portion of Slip 27 and vicinity. The fines content of surface sediment tends to be

low in the Junction and Sill Reaches.

2.6.1.2 Subsurface Sediment

Available subsurface sediment (i.e., deeper than 10 cm) physical characteristics are
summarized by the stratigraphic groupings and layers (see Section 2.6.2). Areas with
engineered fill, anthropogenic fill, and sand cover layers (typically shallow, upper 1 foot
below mudline) contain all grain sizes, but were predominantly composed of sand and gravel.
The recent and upper alluvium units (0 to 5 feet below mudline) primarily consist of fines
(silt and clay) with the percent of sand increasing with depth. Gravel-sized particles
(including shells) are primarily present in the upper layers (i.e., 0 to 3 feet below mudline).
Below 5 feet in the lower alluvium, grain size primarily consists of sand with lesser amounts

of fines than upper units and trace amounts of gravel.

2.6.2 Stratigraphy

Sediment was grouped into three stratigraphic units identified for the EW based on multiple
lines of evidence, but primarily on density, color, sediment type, texture, and fill horizons
(e.g., sand cover). Other information used to delineate these units included presence of
anthropogenic or engineered materials, bathymetry, proximity to shoreline, and dredge
history. The three units are comparable to the stratigraphy identified in the LDW RI, but
differ slightly in composition based on the deltaic setting of the EW (Windward 2010a). EW
sediment typically includes softer, recent sediments (i.e., silt) overlying alluvial, deltaic
sediments that overlie deeper alluvial, deltaic deposits associated with early and pre-
industrial time periods. In some areas, dredging and site use have altered the depths at which
these units outcrop compared to initial deposition. For example, the deeper alluvial units
were identified in the surface in several cores collected from the Deep Main Body Reach,

which is more frequently dredged and to deeper depths than other portions of the site. The
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primary stratigraphic units are described in detail below, from top (i.e., mudline) to bottom

of core.

e Recent —This upper unit consists of recently deposited material dominated by
unconsolidated organic silt and inorganic silt. The surface fraction of silt often
contains fine sand and gravel. This material is characterized by higher moisture
content, soft to medium stiff density, smooth and homogenous texture, and higher
visible organic matter compared with the underlying materials. Shell fragments,
decomposed wood, and anthropogenic materials are present scattered throughout the
unit (rather than in distinct layers as is common in lower units). A hydrogen sulfide
odor was common in the samples, typical of reduced conditions. The Recent unit is
encountered in subsurface cores between 0 and 10 feet below mudline.

e Upper Alluvium/Transition® — This middle unit forms a transitional bed between
Recent and Lower Alluvium units. The Upper Alluvium unit has characteristics that
are often a mix of the units lying above and below it. It consists of a mixture of silty
sand and sandy silt matrices with a higher density and a higher percentage of sand
compared with the Recent unit. Within this layer, stratified beds composed of silty
sand or silt are present, as well as lenses (pockets) of silt. Organic silt, layers of
decomposed wood, and shell fragments were often present in the samples. Some
multicolored sand grains (e.g., red, beige, black, white, and gray) are located within
the units. The Upper Alluvium unit is encountered in subsurface cores between 0 and
9 feet below mudline.

e Lower Alluvium/Native’ — This basal unit is predominantly a sand matrix with
laminated and stratified beds of slightly silty to silty sand, and silt. The sand matrix
consists of multicolored grains of red, beige, black, white, and gray. Layers of
undecomposed wood and shells were often present in the samples. The Lower
Alluvium sand unit typically grades to stiff, inorganic silt as depth increases. This unit

is encountered between 0 and 13 feet below mudline.

¢ The term Upper Alluvium is synonymous with the term Transition used in the subsurface sediment data
report (Windward 2011).

7 The term Lower Alluvium is synonymous with the term Native used in the subsurface sediment data report
(Windward 2011).
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In addition to the primary stratigraphic units, three veneers overlie the existing sediment

stratigraphy in discrete locations. These veneers are described below:

e Engineered Fill — This layer was present in cores located in close proximity to the
shoreline. The composition of Engineered Fill was dominated by light to dark gray,
sub-rounded, gravelly sand and sandy gravel. Gravel and cobbles were up to 3 inches
in diameter. Engineered Fill has been designated based on proximity to known
developmental activities associated with slope and keyway armoring activities.

e Anthropogenic Fill — This layer was present in cores located in close proximity to the
shoreline. The composition of Anthropogenic Fill is gray to black, sub-rounded
gravelly sand to coarse gravel. Anthropogenic Fill has been designated where no
known development activities have occurred on the slope.

e Sand Cover — The sand cover was placed between Stations 3000 and 4900 during the
Phase 1 removal, which was completed in 2005 (Anchor and Windward 2005). Sand
cover is present in the top 1 foot of cores collected from this area. The sand cover is
primarily very fine to very coarse-grained brown sand that was distinctly different in
appearance from other strata within the EW based on observations of color and

sorting.

2.7 Hydrogeology

The hydrogeology of the EW has been influenced both by natural and anthropogenic events
(e.g., channel straightening, dredging, and filling), especially channelization of the EW and
placement of fill in the east and west uplands. The EW is a channelized portion of the
Green/Duwamish River delta. It is located at the north end of the Greater Duwamish Valley,
and rests in a north-south trending, glacially scoured trough bounded by glacial drift uplands
deposited during repeated Pleistocene glaciations (approximately 15,000 years ago). The
trough contains post-glacial alluvium up to 200 feet thick (Weston 1993). The trough is
bounded by upland plateau regions composed of thick sequences of Pleistocene glacial

deposits.

The aquifer in the vicinity of the EW is a shallow, unconfined aquifer within fill and alluvial,
deltaic, and estuarine sediments. Shallow groundwater in the adjacent nearshore areas flows

primarily toward the EW and Elliott Bay. Most of the fill in the east and west uplands is
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hydraulic fill dredged from the channel of the Duwamish River, estimated to be 15 to 35 feet
below ground surface (bgs) in the east uplands and between 3 to 15 feet bgs in the west
uplands (Harbor Island). Beneath the alluvium, very dense, till-like glacial sediments were
measured at depths ranging from approximately 115 to 135 feet bgs (GeoEngineers 1998).

Groundwater in the nearshore environment is generally characterized as follows:

o Freshwater overrides denser saltwater and thereby confines freshwater discharge to
the upper portion of the aquifer near MLLW

¢ Upland groundwater mixes with saline groundwater prior to discharging at the
shoreline, meaning that there is little to no direct discharge of freshwater to the EW;
rather it is all tidally mixed

e Tidal influx results in dilution and attenuation of groundwater between nearshore

wells and the shoreline

2.8 Existing Structures and Shoreline Conditions

The EW shoreline is highly developed, primarily composed of over-water piling-supported
piers, riprap slopes, seawalls, and bulkheads for industrial and commercial use. Throughout
the entire length of the EW, approximately 60% of the EW shoreline contains over-water
piers (aprons) above riprap slopes (along T-18, T-25, T-30, T-46, and in Slips 27 and 36; see
Figures 2-8 through 2-10). Another 30% contains exposed shoreline, nearly all of which is
armored with riprap (including the entire area south of the Spokane Street Bridge corridor;
Figure 2-8). A portion of the shoreline area does contain some small unarmored areas below
the extent of armor. The remaining 10% is comprised of steel sheetpile bulkheads (Figure 2-8).
The Existing Information Summary Report (EISR) provides details on existing structures and

utility information (Anchor and Windward 2008a).

The Screening Memo describes critical site restrictions that affect implementability of
specific remedial technologies, including site access, physical obstructions and structural
conditions, water depths, and navigation and other site uses (Anchor QEA 2012a). Based on
these factors, Construction Management Areas (CMAs), which represent similar site
restriction conditions, were presented in the Screening Memo (Anchor QEA 2012a) and are
further discussed in regard to implementability constraints during development of remedial

alternatives in Section 7.
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The shoreline within Slip 27 and Slip 36 is predominantly armored riprap with extensive pier
structures, although the southern shore of Slip 27 has an adjacent intertidal bench that was
constructed during re-armoring of the Port property. A limited number of small areas of
exposed intertidal sediment are present above the riprap slopes in locations along the eastern

shoreline of the waterway, including at the head of Slip 27 (Figure 2-11).

The typical concrete wharves along the Main Body Reach in the EW are 100 feet wide from
the outer edge (fender line) to the inner bulkhead, which intersects the mudline at +9 feet
MLLW. Areas below the bulkheads are typically engineered riprap slopes to

approximately -50 feet MLLW (with some areas to -40 feet MLLW). Representative
engineered riprap slopes are shown on Figure 2-9 (T-18) and Figure 2-10 (T-25 and T-30).

Four bridge structures pass over the southern end of the EW in the Spokane Street Bridge
corridor (Figure 2-8). These are operated and maintained by the Seattle Department of
Transportation (SDOT; Spokane Street Bridge and SW Klickitat Way between Terminal-102
[T-102] and Terminal [T-104]), Washington State Department of Transportation [WSDOT;
West Seattle Bridge], and BNSF Railway Company [BNSF] [Railroad Bridge immediately
adjacent to SW Klickitat Way]). A 34-foot-wide truck bridge is also present across the head
of Slip 27 between T-25 and T-30. Further information on existing structures is contained in
the EISR (Anchor and Windward 2008a) and Screening Memo (Anchor QEA 2012a). In the
vicinity of the bridge structures, a combined sewer transfer line that crosses the EW is buried

approximately 24 feet below the mudline (HDR 1997).

A communication cable crosses the EW between T-18 and the northern portion of T-30
(Figure 2-1). This cable was originally buried between -61 and -66 feet MLLW in 1972 in an
armored trench. The location shown on Figure 2-1 is based on design drawings; however,
this location slightly changed following repair due to a vessel anchor incident at T-18. Along
T-18, the approximate crossing was located at Station 1850. Along T-30, the approximate
crossing location is indicated by a visible marker on the shore at Station 1550. Mudline
elevations in the footprint of the cable crossing range from -53 to -59 feet MLLW (2 to 8 feet
below mudline) in the federal channel and berth areas (Oates 2007). This area is designated
as a unique CMA (see Section 7) due to the presence of the communication cable, which

affects assumptions for some remedial technologies in this area.
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The extensive shoreline development and utility crossings in the EW affect the remedial
alternatives that could be practicably implemented. The distribution and types of overwater
and in-water structures within the EW are important to consider in this FS because they

represent areas where:

e Pile-supported structures, engineered or non-engineered steep slopes, vertical
bulkhead walls, outfall structures, and cables may be damaged or undermined by
sediment remediation, such as removal.

e Remedial alternatives need to be engineered to allow navigation depths to be
maintained.

e Piles and unused or dilapidated structures (e.g., bulkheads or docks) may need to be
removed or modified to implement the remediation.

e Remediation may be difficult because of restricted access, presence of vessels, and
armored conditions of the sediment and shoreline.

e Vessel maneuvering associated with commercial EW activities can cause scour.

¢ Outfalls may require armoring of adjacent sediment caps or backfill material to

prevent undermining during removal actions.

2.9 Adjacent Land and Waterway Uses

2.9.1 Adjacent Facilities and Infrastructure

The EW is an active industrial waterway used primarily for container loading and transport.
Land use, zoning, and land ownership along the EW are consistent with active industrial uses
(Figure 2-5). The sides of the EW contain hardened shorelines with extensive overwater

structures, commercial and industrial facilities, and other development.

Thirty-nine outfalls are present in the EW, including 36 storm drains (SDs), one combined
sewer overflow (CSO), and two CSO/SDs (Figure 2-1). The two outfalls that are shared by
separated SDs and CSOs are the Hinds and Lander CSO/SDs. These CSO/SD outfalls and the
Hanford CSO outfall discharge along the eastern shoreline of the EW. The stormwater-only

outfalls are located along both sides of the waterway.
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2.9.2 Navigation and Berthing

The EW north of the Spokane Street corridor experiences regular vessel traffic of various sizes
and types. Most vessel traffic consists of container vessels and assorted tugboats moving into
and out of the EW. Each container ship requires at least one tugboat to maneuver the ship
during docking and undocking. Container ships berth at T-18, T-25, and T-30 (Figure 2-5).
Cruise ships also frequented the EW from 2002 to 2008, when the southern portion of T-30

was being used as a cruise ship terminal.

Numerous barges and tugboats are moored at the head of the EW along what is currently
Harley Marine Services, which includes Olympic Tug and Barge as a s